This study analyzed independent risk factors that could improve the qSOFA scoring system among sepsis patients.
Introduction
Sepsis refers to a systemic inflammatory response syndrome (SIRS) that is caused by the confirmed presence of bacteria or highly suspected infectious lesions, clinically. [1] Epidemiological investigations have demonstrated that the incidence of sepsis is increasing, with an increase in the United States from 164,000 cases in 1979 to 660,000 cases in 2000, based on the results of one retrospective American study. [2] Moreover, a study by Dombrovskiy et al on hospitalized patients in American community hospitals with confirmed sepsis revealed an increase in the proportion of severe sepsis cases from 25.6% in 1993 to 43.8% in 2003. [3] Although the mortality rate for sepsis has decreased during recent years, the increasing incidence has led to an increasing number of deaths due to sepsis. [4] Various studies [5] [6] [7] and guidelines [8] regarding sepsis indicate that early assessment, prognostication, and treatment can decrease the mortality rate among sepsis patients.
In this context, non-specific scoring systems have been created for critical illnesses, such as the Acute Physiology and Chronic Health Evaluation (APACHE) II score and Modified Early Warning Score (MEWS) score, as well as sepsis-specific scoring systems, including the Mortality in Emergency Department Sepsis (MEDS) score and Sepsis-related Organ Failure Assessment (SOFA) score. The MEDS score was developed to rapidly assess patients with suspected infection, [9] although it may underestimate the mortality rate among patients with severe sepsis. The SOFA score objectively and dynamically assesses the development and progression of organ dysfunction based on four laboratory parameters, [10] although each laboratory parameter is based on the patient's worst condition on that day, which can interfere with a timely diagnosis and prognostication. The MEWS score only requires six physiological parameters and can be scored rapidly, [11] although it has inadequate ability to assess the criticality of sepsis. The APACHE II score has been considered the gold standard for assessing criticality and prognosis, although it requires 12 clinical and 7 laboratory parameters, which makes it a complicated and time-consuming tool with limited application in emergency medicine. [12] Therefore, there is a need for a simple, rapid, and accurate scoring system for assessing the condition and prognosis of patients with sepsis.
The qSOFA score was initially proposed by Seymour et al in 2015, based on their retrospective study of 148,907 patients with suspected infections. [13] This scoring system uses three parameters: a respiratory rate of ≥22 breaths/min, a systolic blood pressure of 100 mmHg, and an altered mental status. Because this system is simple and easy to implement, it was once widely regarded and applied. However, a retrospective study of adult patients with acute sepsis by Wang et al revealed that the qSOFA score only provided an area under the curve (AUC) value of 0.666 for predicting 28-day sepsis mortality that was weaker than the predictive value of the MEDS score. [14] Moreover, Williams et al evaluated 8,871 cases of organ dysfunction in patients with acute infections, and revealed that a qSOFA score of ≥2 provided limited sensitivity (29.7%) that was inadequate for identifying potentially critically ill patients. [15] Thus, it may be difficult to accurately use APACHE II, SOFA, MEDS, MEWS, and qSOFA scores for early and rapid assessment of sepsis severity and prognosis among adult patients.
Although the sensitivity of qSOFA score is low, the scoring method is simple and practical. Therefore, our study aimed to identify independent predictors of sepsis severity and prognosis by analyzing the clinical characteristics of adult sepsis patients who were treated at our emergency department. These factors were then combined with the qSOFA parameters in an attempt to improve it. Finally, the predictive efficacy of the improved qSOFA score was evaluated to examine whether it was appropriate for the rapid assessment of sepsis status, criticality, and prognosis in emergency departments.
Materials and methods

Study design
This single-center retrospective observational study evaluated the clinical characteristics of adult patients with sepsis at the Emergency Department of West China Hospital, Sichuan University. Multiple factor analysis was used to identify factors that independently predicted sepsis criticality and prognosis that were combined with the qSOFA score parameters to create a new assessment system. A substitution model was used to compare the new scoring system with existing scoring systems for predicting the incidences of 7-day mortality, 28-day mortality, 28-day septic shock, 28-day mechanical ventilation, and 28-day intensive care unit (ICU) admission. The patients were grouped according to their survival status at the 28-day follow-up. The study complied with the Declaration of Helsinki, and the study protocol was approved by the Human Ethical Committee of West China Hospital of Sichuan University.
Data collection and analysis
Electronic and paper medical records were searched for patients who were treated at the Emergency Department of West China Hospital, were >14 years old, and fulfilled the sepsis diagnostic criteria (Sepsis 2.0) [16] between July 1, 2015 and June 30, 2016. Patients were excluded if they were pregnant, in cardiac arrest at hospital arrival, receiving mechanical ventilation support or vasoactive drugs (which may affect the qSOFA score), or could not be scored within 24 hours after their admission. The patients' general characteristics data (age and sex) were collected, as well as their vital signs data from the triage pre-examination. Blood gas analysis and plasma lactic acid results were obtained within 1 hour after hospital arrival, and laboratory results regarding blood panels, biochemistry, coagulation panels, and procalcitonin (PCT) (>0.5ng/mL suggests sepsis) [13] were measured within 24 hours after hospital arrival. Based on these data, each patient's MEDS, SOFA, MEWS, APACHE II, qSOFA, and GCS scores were calculated. The incidences of 28-day mortality, 7-day mortality, 28-day septic shock, 28-day mechanical ventilation (non-invasive or invasive), and 28-day ICU admission were recorded.
Statistical analysis
All analyses were performed using IBM SPSS software (version 21.0) and Microsoft Office Excel 2007 software. Normally distributed continuous data were reported as mean ± standard deviation and non-normally distributed continuous data were reported as median and interquartile range. The t test for independent samples was used to compare normally distributed data between the 2 groups, while the rank sum test was used to compare non-normally distributed data between the 2 groups. Categorical data were reported as number and percentage. Multifactor two-category logistic regression analysis was used to identify factors that independently predicted 28-day sepsis mortality. The area under the curve (AUC) was calculated from the receiver operating characteristics (ROC) and the values for sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (+LR), and negative likelihood ratio (-LR) were also calculated. The ROC analysis was also used to compare the abilities of the improved and existing scoring systems for predicting sepsis severity and prognosis. Differences with a two-tailed P value of <.05 were considered statistically significant.
Results
General characteristics
The present study evaluated 841 cases of sepsis, although 20 patients were lost to follow-up (2.38%). Thus, 821 cases, which included 528 men (64.31%) and 293 women (35.69%), were included in the study. After 28 days, 648 patients (78.93%) were alive and 173 patients (21.07%) had died. There were 462 cases (56.27%) of respiratory system infections, 204 cases (24.85%) of abdominal infections, and 155 cases (18.88%) of infection involving other systems ( Fig. 1 ).
Differences according to survival outcomes
When we compared the groups that were alive or deceased after 28 days, we detected significant differences in age, 
Independent predictors of 28-day sepsis mortality
The multifactorial two-category logistic regression analysis revealed that 28-day sepsis mortality was independently predicted by fibrinogen, lactic acid, albumin, oxygenation index, and a PCT level of >0.5 ng/mL ( Table 2) .
Combined ROC analysis
The ROC curve analyses revealed that the AUC values were 0.578 for fibrinogen, 0.68 for albumin, 0.681 for oxygenation index, 0.655 for lactic acid, and 0.7 for PCT. The PCT parameter provided the largest AUC value (0.7) and good sensitivity (94.2%) ( Table 3 , Fig. 2 ).
Improvements based on the qSOFA scoring system
The AUC for predicting 28-day sepsis mortality using the qSOFA score was only 0.669, with 2 points identified as the best clinical cut-off point (sensitivity: 45.1%, specificity: 80.7%). The AUC for predicting 28-day sepsis mortality using a PCT level of >0.5 ng/mL was 0.7, with sensitivity of 94.2%, a best cut-off point of 0.51, and an OR value of 10.928. Based on the qSOFA score assignment method, a PCT of >0.5 ng/mL was assigned 1 point, which created the improved "PqSOFA score" with a total score of 4 points (Table 4) .
3.6. The predictive ability of the improved PqSOFA score
The AUC for predicting 28-day sepsis mortality using the PqSOFA score was 0.751 (95% confidence interval [CI]: 0.712-0.790). The best clinical cut-off was 2 points, with sensitivity of 83.2%, specificity of 54.9%, PPV of 33.03%, NPV of 92.47%, +LR of 1.85, and -LR of 0.31 (Fig. 3A andTable 5 ). The AUC for predicting 28-day sepsis mortality was significantly greater for the PqSOFA score than for the qSOFA assessment (Z = 7.019, P < .0001) ( Table 6 ).
Comparing each scoring system's ability to predict sepsis severity and prognosis
The comparison of the ROCs for the PqSOFA score and the SOFA or APACHE II scores revealed no significant differences in their ability to predict 28-day and 7-day sepsis mortality (P > .05). However, the PqSOFA score provided significantly better predictive ability than the MEDS, MEWS, and qSOFA scores (P < .05) ( Fig. 3 , Tables 5 and 6 ).
Discussion
Many scoring systems exist for determining the severity and prognosis of sepsis. The APACHE II and SOFA scores have important applications in ICUs globally, although they require a time-consuming and complicated calculation, which limits their application in emergency departments. The present study revealed that the MEWS scores is simple but lacks accuracy, and there is no clear standard for "end-stage disease" in the MEDS score. Moreover, the rating item in "nursing homes" is not suitable for China's national conditions; thus, they are unsuitable for use in China. The qSOFA score was proposed in 2016 based on the newest definition of sepsis and was subsequently found to be significantly better for predicting non-ICU mortality than the SOFA and SIRS scores. For example, Freundet et al prospectively evaluated patients with suspected infection in emergency departments, and revealed that the qSOFA was better than SIRS for predicting in-hospital mortality. [17] Furthermore, Donnellyet et al retrospectively evaluated 2593 cases of infection and reported higher rates of in-hospital and 1-year mortality among patients who fulfilled the qSOFA criteria (score of ≥2 + infection) than among patients who Table 2 Multifactor two-category logistic regression analysis of factors predicting 28-day sepsis mortality. Normally distributed data are shown as mean ± standard deviation and compared using the t-test. Non-normally distributed data are shown as median (interquartile range) and compared using the rank-sum test.
Xia et al. Medicine (2020) 99:5 Medicine fulfilled the SIRS criteria (score of ≥2 + infection) or SOFA criteria (score of ≥2 + infection). [18] Thus, the qSOFA and SOFA scores are recommended for identifying sepsis patients with poor prognosis. However, many subsequent studies have shown that the qSOFA score has relatively poor ability to predict sepsis severity and prognosis, and that its poor sensitivity limited its clinical application, despite its high specificity. [19, 20] Churpek et al compared the NEWS, MEWS, SIRS, and qSOFA scores for predicting non-ICU in-hospital mortality among patients with infection, and reported that the predictive ability of the qSOFA score was not superior to that of the other early warning scoring systems. [21] Other studies also showed that qSOFA had a suboptimal level of predictive value in sepsis. [22, 23] To further improve the predictive efficacy of the qSOFA score, the present study evaluated factors that independently predicted 28-day sepsis mortality. This study showed that lactic acid, albumin, oxygenation index, PCT, and fibrinogen are independent risk factors affecting 28-day mortality in emergency adults with sepsis. The results of this study are consistent with those of other studies. [24] [25] [26] [27] [28] [29] We used ROC curves to analyze the predictive efficacy of each of the above independent risk factors for 28-day mortality in sepsis. The results revealed that PCT had a large AUC and relatively high sensitivity, based on a cut-off point of 0.51 ng/mL, which is similar to the optimal cut-off point of a previous study (0.47 ng/mL). [30] In this context, PCT is a widely accepted biomarker for bacterial infection, during which PCT release is induced via two pathways. [31] The first pathway occurs through the organizational structure of bacteria, which induces intracellular signal transduction and hence, PCT release, while the second involves the stimulated production of proinflammatory factors and other intermediates by pathogenic microorganisms, which act on target cells to produce PCT. During the progression of infectious diseases, PCT can amplify inflammatory reactions and lead to the worsening of disease status, which explains its significant association with infection severity and prognosis. [32, 33] PCT as a marker for distinguishing between bacterial and non-bacterial infections, is highly correlated with SOFA and APACHE II scores in non-surviving septic patients. [34] A study by Zhenyu et al on 102 sepsis cases also revealed that PCT independently predicted 28-day sepsis mortality, with an AUC value of 0.792. [35] Moreover, Castelliet et al reported that PCT can predict sepsis severity and prognosis, [36] while other studies also indicated that PCT concentrations are directly correlated with sepsis criticality and positively correlated with SOFA score. [19, 35, 36] Hua et al conducted a retrospective multicenter cohort study with independent validation in a prospectively collected cohort in three tertiary medical centers. The study showed that qSOFA score, by adding the ordinal scale of PCT value, could greatly improve the sensitivity to 86.5%. [37] It can be consistently concluded from our study that the inclusion of PCT clearly improves the predictive ability of the qSOFA score. Moreover, the PqSOFA provided significantly higher AUC for predicting 7day sepsis mortality, relative to the SOFA score, which may indicate that it is useful in predicting the short-term prognosis among adult patients with acute sepsis. The present study is limited by its retrospective cross-sectional design and inability to prospectively validate the predictive ability of the PqSOFA score. In addition, approximately 20% of the patients were referred to our hospital from other centers, where interventional measures could have been taken that could affect the values of plasma lactic acid, PCT, and other indices, which reflect sepsis severity and prognosis. Finally, a small proportion of the study population was excluded because they were lost to follow-up.
Conclusions
Combining PCT and the qSOFA score can facilitate an early assessment of acute sepsis severity and prognosis among adult patients, although its predictive ability is less than ideal. Nevertheless, the PqSOFA score can independently identify critically ill patients with sepsis, predict their short-term adverse events, and their 28-day prognosis. Furthermore, the PqSOFA Table 6 Comparing thePqSOFA to other scores for predicting sepsis severity and prognosis. score had superior predictive value than the qSOFA score, although its performance was comparable to the SOFA or APACHE II scores.
